1. We take a previously studied model for two species -one of which is competitively inferior -coexisting in a patchy environment, and examine the effects of removing patches (that is, of decreasing the amount of available habitat).
Introduction
Many species exist as metapopulations in a fragmented world, facing inevitable extinction in any occupied patch, but persisting regionally by dispersal into unoccupied patches. It has long been recognized that two species may coexist as metapopulations even if one is competitively superior within a patch, as long as the inferior competitor either disperses more effectively or has a lower patch extinction rate (Skellam 1951; Hutchinson 1951; Levins & Culver 1971; Horn & MacArthur 1972; Slatkin 1974; Hastings 1980; Hanski & Ranta 1983; Hanski 1983 Hanski , 1987 , or even in the absence of these off-setting advantages if the superior competitor's distribution is sufficiently clumped (Atkinson & Shorrocks 1981 , 1984 Shorrocks, 1990; Ives & May 1985) .
In this paper we analyse the effect of patch removal on the regional abundances of two such species. We find that patch thinning decreases both the number of patches occupied by the superior competitor and the number of empty patches, i.e. patches occupied by neither species. At the same time, the number (and, of course, the proportion) of patches occupied by the inferior competitor initially increases.
Thus, patch removal or habitat destruction can actually increase the regional abundance of inferior competitors. We discuss the implications of these results for understanding biodiversity changes in a changing world.
Model
For simplicity, we make the extreme assumption that the inferior competitor, B, is unable to invade a patch occupied by the superior competitor, A. We can immediately see from the equilibrium solutions that patch removal, i.e. lowering h, actually:
1. increases the total number of patches occupied by the inferior competitor (i.e. increases the proportion of all patches, destroyed plus still existing, occupied by this inferior competitor);
2. lowers the number of patches occupied by the superior competitor; and 3. lowers the number of empty (but not destroyed)
patches.
If the inferior competitor is a superior colonizer, then the overall number of occupied patches falls.
If it is an inferior colonizer, then the overall number of occupied patches rises. When h falls below a critical value of its extinction/colonization ratio (h < eAlcA), the superior competitor can no longer persist. Beyond this point, only the inferior competitor is found and the number of patches it occupies declines as h decreases further. Finally, as patch removal or destruction continues (h decreases still further), the inferior competitor also disappears (for h < eBIcB). Fig. 2 illustrates these numbers (or frequencies, expressed in relation to the pristine number of patches) as functions of h, for the special case in which both species have the same extinction rate, but the inferior competitor has a higher colonization rate. Fig. 3 explains the result.
----------~~. One study that is explicitly relevant to our work is of the patterns of occurence of Daphnia species in rock pools on islands with different numbers of pools (Hanski & Ranta 1983 ; for a re-analysis, see Bengtsson 1991) . They showed that coexistence between competing species which differ in competitive and dispersive ability is facilitated by a larger number of patches. This foreshadows our work, the purpose of which is to provide simple, qualitative insights into the effects of patch removal on equilibrium species abundances. Such questions are enjoying a surge of interest in today's green intellectual climate and are readily addressed with this sort of phenomenological modelling (MacArthur & Wilson 1967; Levins 1969 ). We will explore the more complex consequences of patch removal on predator-prey relationships elsewhere.
The model can be looked at from viewpoints other than those adopted here. The consequences of patch addition may be of more relevance to European ecology, if the farmland that is being removed from agriculture over the next decades is not simply paved over.
